In this work we demonstrate that the polycrystalline ribbons of (Ni 48 Co 6 )Mn 26 Al 20 with B2 structure at room temperature show a magnetic behavior with competing magnetic exchange interactions leading to frozen disorders at low temperatures. It is established that by considering the presence of both antiferromagnetic and ferromagnetic sublattices, we can explain the observed magnetic behavior including the metamagnetic transition observed in these samples. From the Arrott plots, the Néel temperature of (Ni 48 Co 6 )Mn 26 Al 20 is deduced to be ∼ 170 K and the broad ferro to para like magnetic phase transition is observed at ∼ 200 K. Based on Néel theory, a cluster model is used to explain the presence of ferromagnetic and antiferromagnetic clusters in the studied ribbons. Formation of ferromagnetic clusters can be understood in terms of positive exchange interactions among the Mn atoms that are neighboring to Co atoms which are located on the Ni sites.
I. INTRODUCTION
Ferromagnetic shape memory (FSM) effect in stoichimetric and off-stoichiometric full Heusler alloys (X 2 YZ) has been a subject of recent research interest. Some representatives of these magnetically ordered alloys show strong ferromagnetism alongwith a crystallographically reversible, thermoelastic martensitic transformation resulting in the shape memory effect. Magnetic field induced strain (MFIS) (the highest value 1 of 9% reported), first shown in Ni 2 MnGa by Ullakko et al. 2 is explained by the rearrangement of martensite variants under the influence of external magnetic fields. If the energy driving the twin boundaries is smaller than the magnetocrystalline anisotropy energy, the rotation of magnetization vector towards the easy axis of the crystal happens along with variant rearrangement and thus results in MFIS. In this mechanism, the driving force is limited by the anisotropy energy.
Despite large MFIS and a rapid response, the output stress which can be generated by this mechanism of MFIS is restricted to only a few MPa.
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In 2006, Kainuma et al. 4 reported magnetic-field-induced shape recovery in a NiCoMnIn alloy through the reverse phase transformation, in which stress levels of approximately 50 times larger (than the above mentioned kind) could be generated. They obtained 3% deformation and almost full recovery of the original shape of the alloy. This deformation behavior was attributed to a metamagnetic phase transition from the antiferromagnetic (or paramagnetic) martensitic (MST) to the ferromagnetic austenitic (AST) phase. Since then, a large number of reports on these metamagnetic shape memory alloys (MSMA) have been published. Apart from NiCoMnIn, metamagnetic shape memory effect (MSME) has been observed in NiCoMnSn, 5, 6 NiMnIn, 7 NiMnSn, 8 NiCoMnSb, 9 NiCoMnGa, 10 NiMnGaCu
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and NiCoMnAl 12 alloys. The magnetostructural transformations in this class of alloy systems are known to manifest several interesting thermomagnetic irreversibilities [13] [14] [15] [16] and show many interesting functionalities.
17-19
Metamagnetism is a term frequently used to describe a large increase in magnetization of a material at a characteristic field depending on temperature. The metamagnetic transitions observed in various materials can depend on the material as well as on the specific experimental conditions. Thus metamagnetic behavior has been associated in literature with antiferromagnets which upon application of a magnetic field undergo a first order phase transition to a state with a relatively large magnetic moment, 20 or a continuous phase transition at a critical point or even crossovers beyond a critical point that do not involve a phase transition at all. In light of this, it is worth noting that in almost all MSMAs a few features that are observed in common are: (i) in the thermomagnetization curves the parent phase shows stronger magnetism than the martensite phase, resulting in a large change in magnetization (∆M ) during martensitic transformation, (ii) magnetostructural transformations in these alloys are induced by both applied field (H ) and temperature (T ), (iii) when the specimen is subjected to cooling in external magnetic field the martensitic transformation temperature is observed to drastically decrease with increasing field and finally (iv) almost all these alloys are known to show kinetic arrest (KA) behavior below a critical temperature. Using the Arrott plot analysis we set out to estimate the T N of this composition. ribbons (see Fig. 1 ). The M vs T measurements were performed using Quantum Design MPMS XL-7 SQUID magnetometer. The samples were first cooled in zero-field down to the lowest temperatures (2 K) and then the required field was applied. These data are denoted as zero-field cooled (ZFC) data. After the sample reached ∼ 330 K, data was recorded during cool down process to lowest temperature of 2 K in field (field cooled cooling or FCC)
and then once again the data were collected as the temperature was increased from 2 K to 330 K (field cooled heating or FCH). For M-H measurements, sample was first cooled in zero-field down to 5 K and the measurements were made at 5 K for the complete loop.
Then the temperature subsequently was raised from 5 K to the desired temperature and the complete loop was measured isothermally at each temperature.
III. RESULTS AND DISCUSSION
A. Magnetization versus Temperature The paramagnetic to ferromagnetic-like transition is observed at ∼ 200 K, which is lower than the values observed for NiCoMnAl polycrystalline bulk samples with similar composition reported by Kainuma et al. 12 As the temperature is lowered, a sharp drop in magnetization due to austenite (AST) to martensite (MST) phase transition is noted. A thermal hysteresis between FCC and FCH data is clearly observed around this AST-MST transition, which points out that this transition is of first order. Another interesting feature that is noted in these M-T curves at a defined magnetic field H is that the magnetization M exhibits hysteresis (i.e., the bifurcation between cooling and heating curves) well above the apparent T C that was estimated as ∼ 200 K. Evidently, this hysteretic behavior above 200
K is not an experimental artifact (say due to the too fast temperature scan) as the feature appears in high fields but not (or almost not) seen in weak fields. As mentioned above, 24 compositional inhomogeneities at nanoscale are not inconceivable in these melt-spun samples, and such compositional inhomogeneities of the sample can result in some martensite to be present even at 250 K and thus can explain the hysteresis of M above T C as well as the very broad ordered magnetic-to-paramagnetic transition and the large paraprocess of the austenitic phase below T C .
As mentioned above, M ZFC shows a positive slope below 50 K (see inset in Fig. 2) , whereas, the M FCH continues to increase but with a tendency towards saturation below the peak temperature. This irreversible behavior of M (T ) has been regarded in literature as a characteristic feature of spin freezing or spin blocking, wherein the ZFC magnetization is 8 known to show a peak. 33 Morito et al. 34 reported that in Ni-Mn-Al systems, the magnetic state at low temperature is always spin-glass. Also, as pointed out in our earlier work 24 on off-stoichiometric Ni-Mn-Al rapidly quenched ribbons, the compositional inhomogeneities at nanoscale result in a spin-glass like phase transition at low temperatures in these meltspun samples. However, in this case a spin canting, prefiguring of the antiferromagnetism observed at higher temperatures could also be a likely cause.
Apart from this above mentioned broad peak-like feature in M ZFC for temperatures below 50 K, it is interesting to note that although the temperature at which the M ZFC and M FCH bifurcates (designated here as T irrev ) decreases with increasing field upto 5 kOe, T irrev starts to increase with increasing fields above 10 kOe and finally reaches a value of ∼ 125 K for applied field of 70 kOe. The behavior observed in data obtained at fields ≤ 5 kOe is along expected lines, as in a sufficiently strong external magnetic field the spin freezing either will take place at a lower temperature or will not be seen when the external magnetic fields reach the value which is sufficient to destroy this behavior. However, for the behavior 
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B. Magnetization versus Field
The magnetization curves as a function of field (-50 kOe ≤ H ≤ + 50 kOe) in a temperature range from 5 K to 300 K are shown in Fig. 3(a) . The M vs H dependence taken at 300 K is almost linear close to a paramagnetic state. This agrees well with the results of M vs T measurements (Fig. 2) which showed that Curie temperature T C of the sample studied is well below room temperature. For the field dependencies of the magne-tization measured at 5 K ≤ T ≤ 200 K the steep increase of M in low magnetic fields is due to a significant role of ferromagnetic interactions in the system. Similar behavior in M-H loops has been observed in ferrimagnetic systems also. To ascertain the nature of magnetic interaction, inverse susceptibility has been plotted [see inset in Fig. 3(a) ]. The inverse susceptibility for a ferrimagnetic system exhibits a hyperbola shape which becomes more pronounced as the temperature decreases to the magnetic transition temperature. 
resembles the equation for a straight line; plotting the square of magnetization on the yaxis and the ratio of applied magnetic field divided by the observed magnetization on x-axis will yield straight lines. According to the above equation, the lines have a slope proportional to 1/C and they intersect y-axis at (−Ã/C), the coefficientÃ being related to the inverse susceptibility.
However, since we expect multiple magnetic interactions in our sample, we consider the presence of both antiferromagnetic moment (L) and ferromagnetic moment (M ) in the magnetic sublattice. The expression of the free energy 37 for magnetic sublattice then may be written in the form,
The terms with proportionality constant α and β are the lowest order coupling terms between M and L allowed by symmetry. The term proportional to β determines the orientation of the AFM moment with respect to the ferromagnetic one, and may be incorporated into the term αL 2 M 2 with a renormalized coefficient γ and then minimizing the free energy in eq.
(2) with respect to both M and L one obtains
where, B 0 = H (applied external magnetic field)
The coefficientsÃ andã are assumed to depend on temperature as
whereas C, c, A and a are considered to be temperature independent and A and a are positive. If the temperature of the system is lowered and only one subsystem is considered, Also, it is generally accepted that the antiferromagnetism of Ni-Mn-Al is associated with the disordered B2 structure, whereas for ferromagnetic ordering of the magnetic moments the suggest that the Mn atoms that are neighboring Co atoms, get ferromagnetically coupled with each other through the intermediation of Co. Thus it seems that in this B2 type alloy sample, the antiferromagnetically aligned Mn moments get tuned to the ferromagnetic-like ordering locally near Co neighbor. Thus, if we can think of our sample in the framework of Néel theory of fine particles 48 then magnetization may be explained in terms of two competing phenomena. We can thus model our system as clusters of spins strongly coupled within the cluster and the clusters as units are coupled to a weak random field. At very high temperatures only paramagnetism exists. As the temperature is lowered, at ∼ 220 K, the spins within each cluster couple with each other and the moment continues to build, while the various clusters still remain decoupled. At ∼ 200 K, the moment within each cluster increases like a Brillouin function and these cluster moments show a strong response to the external magnetic field. However as the temperature is further reduced, as seen in Fig. 4(a) , the antiferromagnetic interactions are favored, and below 170 K the competing interactions lead to frustration in the system and result in a very low net magnetization. On further cooling, the martensitic phase formation gets kinetically arrested; the low temperature phase contains the converted phase fractions of MST along with the metastable phase fractions of the AST phase resulting in coexistence of ferromagnetic and antiferromagnetic clusters and a glass like nonergodic magnetic state below T irrev .
IV. CONCLUSION
We have established in this work that the polycrystalline ribbons of (Ni 48 
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